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Abstract This paper presents the formal design of arithmetic circuits based on arithmetic description language
called ARITH. By using ARITH, we can describe a wide variety of arithmetic algorithms including those using
unconventional number systems. The functionality of arithmetic algorithms in ARITH can be formally verified
using formula manipulation methods. In this paper, we compare the proposed formula-based method with the
conventional *BMD-based method, and demonstrate that the combination of the two methods enables to verify

arithmetic circuits in an efficient way.
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i L Digit || Digit |-} Digit |-{ Digit|-o-
T%: - rea |- ReA [H RBA [ REA [0
I R A R
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(b) Bigit-level structure

B 1 TR 2 EmRkomld

typadef SD2_1;
for(i, sSD2_1.low, SD2_.1.high) begin
8D2_1{i}.weight = Power(2, 1);
SD2_1{i}.nin = -1;
SD2.1{1}.max = 1;
SD2_1{i}.step = 1;
end
endtypedaef

2 T& 2 #i%%o ARITH Kb

@NAMHWN -

X Q) TEHRIND SD2, 1 #EOPERER T2y 7 2E2IT
R, BREBET 0 v 7HATHEV OIS FHBROERITILLTO
EBHTHB.

SD2_1.high : B bAIHF (Lo PHIHO B
SD2_1.1low : BFHI (Lo SHI#o D)
SD2_1{i}.weight : i¥7TAOEH
Sp2_1{i}.min : i #F B OFHRE D min
§D2.1{i}.max : i KT H OHIRED mex

SD2_1{i}.step

: i T B DHHAED step

2T, 2-7HFEORBIZL>T sD21.1ow T E D
SD2_1.high ¥TH £ COEKNS PV LEHRE~RS P EH
LTWw3.

—%, ®Va—ARRT ey 7 ClE, BRSBXLERER
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1: module RBtree(Z, INO, IN1, IN2, IN3);

2 output SD2_1 Z;

3 input SD2_1 INO;

4: input SD2_.1 IN1;

B: input SD2_1 IN2;

6: input SD2_1 IKN3;

7 canstraint begin

8: Z.high = 65; Z.low = 0;

9: INO.high = 3; INO.low = O;
10: IN1.high = 3; IN1.low = O;
11: IN2.high = 3; IN2.low = O;
12: IN3.high = 3; IN3.low = O;
13: end
14: assertion Z = INO + IN1 + IN2 + IN3;
16: structure begin
16: wire SD2_1 WO;

17: wire SD2_1 Wi;

18: constraint begin

19: W0.high = 4; W0.low = O;
20: Wi.high = 4; Wi.low = O;
21: end

22: RBA_3_0 UO(WO, INO, IN1);
23: RBA_3_0 U1(Wi, IN2, IN3);
24: RBA_4.0 U2(Z, W0, W1);

26: and

26: ondmodule

B3 T 2EMAAD ARITH B

SHL 2E%RO ARITH Bl 2R T, 2-7T{THORRER
iz, 816 fTE CHBLEERBLTVS. Z 2T, BR
BEOHET (9 1TH) Ll (10-12978) , FE{LoEHX
(13-15178) ZWEELTWS.

RARREIURABFT ATV X 20 E L TE2MERD
ARITH B % E 5 {oR 7. 2NBBoMERBENFBXEA
WTC+S=X+Y+Z (11178) ok iciERah s,
FORNSREIIREXEAVWT 13-4 TAD LS KBRS H
5. ZIT, C#L, S#L, X#L, Y#L, Z#L T ThThEBKIES C,
8, X Y, ZICHRTHREEFTTHS.

3. ARITH &3 HTRHEROHXKRET

ARITH TRB XN HF7ATY X AOMEEIE, ARITH
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1: <typedef UB;

2: for (4, UB.low, UB.high) begin
3: UB{i}.weight = Power(2,i);

4: UB{i}.nin = 0;

6: UB{i}.max = 1;

6: UB{i}.atep = 1;

7: end

8: encoding enc_type begin

9: logic L[1;

10: constraint begin

11: L.high = UB.high; L.low = UB.low;
12: end

13: for (i, UB.low, UB.high) begin
14: UB(1i} = UB{i}.veight » L{i];
16: end
16: end

17: endtypedef
B4 HHLERO ARITH Rk

module FULL_ADDER (C, 8, X, Y, 2);
output UB<enc_typo> C, S;
input UB<enc_type> X, Y, Z;
constraint begin .
C.high = 1; C.low = 1;
S.high = 0; 8.low = 0;
X.high = 0; X.low = O;
Y.high = 0; Y.low = 0;
Z2.high = 0; Z.low = 0;
end
agsertion C+ S =X + Y + Z;
structure begin
assign CHL = X#L&YAL|Z4LE(X#LIYHL);
assign SH#L = X#L-YS#L"ZAL;
end
16: endmodule
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BOBELRANLEFM CRECRIECTE D Z LRbY3.

o+ Ripple camy adder, amay

.|-©- Kogge-Stone adder, overtumad-stairs tree|. .......

-a- Conditional sum adder,
Wallace tree with Booth

8o 80, 160

{nput word fength [bits]
10 MMRAB (S=X+Y +W + 2) ORIEHME

120

4. F & &b

FRECIE, FER7AAY XLRREE ARITH I2£-3 < Sifif
MAEE O - MAEEFEIZ OV Tii~%, ARITH CRiEts
NEFH7 AT Y X AOBERRRLE LRV THRMICRIE
TEDT %L ¥£7=, ARITH BRORKRKEIZ*BMD &
HHEEZRAVAEAOREFEXTATETSHD 2 & 2R,
RETIHLELAVWERANREREL S L. &0
B & *BMD SEMEHE L OBV, BXERIRBEERIIHE
T L2{BIENTEINTMNISHD. —BIZEMR
HOMABE DR THBEINIHFTNLTY XLORMEIC T8 K
EHERIZLOTEIHAAANRBLTWS. —HT, BRE
WHAESDRH7ATY XAIZY, *BMD SfERENBLT
W3, RETIE, BIERE L RBEREORIECEFhFRERN
L *BMD SEEHEERAVD Z & ¢, BIMERSOREM,
HABORIESMZ KEICHRTCE 22 L ERLE.
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